INTRODUCTION {#s1}
============

Asthma is a chronic lung disease of inflammation in the lower airways. Significant characteristics of asthma include bronchial hyper-reactivity, reversible airflow obstruction, and tissue remodeling \[[@R1]\]. Asthmatic patients frequently suffer from symptoms such as recurrent coughing, dyspnea, chest tightness, shortness of breath and sporadic wheezing \[[@R2], [@R3]\]. According to the World Health Organization, 4.3% of adults around the globe are diagnosed with asthma \[[@R4]\]. In the United States, the total number of people with asthma was estimated to be around 26 million in 2010 \[[@R4]\]. As to 2009, the age-adjusted prevalence of this disease increased markedly from 7.3 to 8.2% \[[@R5]\]. In addition, the death rates among patients with asthma are higher in adults compared to children \[[@R4]\]. The significance of this disease is already well known in the scientific and medical community. However, until recently the management of asthma has primarily been focused on younger populations. The elderly population continues to suffer from a higher mortality rate compared to children and younger adults due to the underdiagnosis and undertreatment of their asthma \[[@R6]\]. Many of the physiological alterations that occur in asthma and other lungs diseases have been observed in the aging lungs, suggesting that aging may be a determinant in the pathogenesis of lung disease \[[@R7], [@R8]\]. Specifically, fibrosis is mostly accompanied with aged organs and related pathologies such as wound healing in the lungs. For example, idiopathic pulmonary fibrosis (IPF), one of the most common pulmonary fibrosis diseases, progresses markedly with aging, and thus over two-thirds of IPF cases occur in seniors over 60 years old \[[@R8]\].

Despite this, very few studies have investigated the effects of aging on the pathogenesis of asthma \[[@R9]\]. This current review aims to highlight the significant impact of asthma on the elderly population, an area that has not been thoroughly reviewed. In addition, the role of reactive oxygen species (ROS)-induced oxidative stress in the pathogenesis of asthma is discussed. The unique challenges that medical professionals and researchers face when diagnosing and treating the elderly asthmatic population are examined.

CHARACTERIZATION OF ASTHMA {#s2}
==========================

As a prevalent inflammatory airway disease, asthma causes a significant public health burden and can manifest itself in any age. Different types of asthma have been distinguished. In order to be clinically effective in treating asthma, it is imperative to determine the specific type of asthma. For instance, allergic asthma, also known as atopic asthma, is commonly characterized by type 2 helper T cell (Th2) cytokine-induced eosinophilic inflammations in the airway \[[@R10], [@R11]\]. Studies have revealed that there is a strong link between genetic predisposition and early-onset of asthma \[[@R11]\]. For instance, Moffatt et al. revealed that the chromosome 17q locus has a significant effect on childhood-onset asthma \[[@R12]\]. Allergic asthma commonly starts at a young age and may either remit or recur in adulthood \[[@R13]\]. Allergic asthma is characterized by mast cell degranulation, amplified goblet cell hyperplasia, thickening of the sub-epithelial basement membrane, and epithelial damage \[[@R1]\]. On the contrary, non-atopic asthma, also known as non-allergic asthma, is associated with elevated levels of serum and sputum neutrophils and is most commonly found in elderly patients with a late-onset of the disease \[[@R14]\]. Interestingly, in terms of lung function, non-atopic asthma may be even more detrimental than atopic asthma \[[@R14]\]. A clinical study comparing atopic and non-atopic asthmatics found that patients with non-atopic asthma had lower forced expiratory volume in 1 second (FEV~1~) levels and more persistent symptoms than those with atopic asthma \[[@R15]\]. Meanwhile, age-related changes in the respiratory system can coincide with asthma and may contribute to the disease expression. Reduced diaphragmatic force generation and systemic inflammatory changes may arise in the elderly and intensify asthmatic phenotypes \[[@R6]\]. Elderly asthmatics have low serum immunoglobulin E (IgE) levels due to immunosenescence. Therefore, the measurement of total serum IgE for clinical asthma diagnosis, is less effective in elderly patients because the lower IgE levels can diminish the sensitivity of the test \[[@R14]\]. Unlike allergic asthma (characterized by a Th2-type inflammatory response), non-allergic asthma is more related to a Th1-type response, which causes neutrophils to increase \[[@R14]\].

The presence of airway inflammation in asthma typically relies on biomarkers found in bronchial biopsies and bronchial alveolar lavage \[[@R14], [@R16]\]. However, these techniques are complicated and invasive. Alternatively, the fraction of exhaled nitric oxide (FeNO) is a noninvasive method which can be used to indirectly determine the degree of inflammation in the airway \[[@R14]\]. However, it should be considered that some noninvasive measures, such as measurement of serum IgE levels, may be less sensitive when used to measure airway inflammation in elderly asthmatics \[[@R14]\].

EPIDEMIOLOGY OF ASTHMA IN THE ELDERLY {#s3}
=====================================

Adult-onset asthma has become much more prevalent recently and is now a major public health concern in many countries due to its severity and lower remission rate \[[@R13]\]. The mortality of this disease is high in the elderly population \[[@R17]\]. Senior patients with asthma typically possess more severe symptoms than younger populations, which may require emergency treatment or hospital admission \[[@R3]\]. Unfortunately, asthma in the elderly can be misdiagnosed or underdiagnosed due to the under-reporting of symptoms, atypical presentation, or age-related factors (Figure [1](#F1){ref-type="fig"}) \[[@R2], [@R18]\]. For example, dyspnea, which is a common symptom in asthmatics, can be perceived as merely an age-related reduction in respiratory efficiency (Figure [1](#F1){ref-type="fig"}) \[[@R2]\]. Similarly, immunosenescence, which refers to age-related alterations in the immune system, can make asthma in the elderly challenging to diagnose since certain asthmatic phenotypes (e.g. increased serum neopterin) may increase with age in the absence of the disease (Figure [1](#F1){ref-type="fig"}) \[[@R14]\]. In addition, poor short-term responses to bronchodilators, absence of previous allergic diseases in patient history, diminished skin test sensitivity, lack of expected daytime/nighttime symptoms, and a lack of recognized criteria for diagnosing asthma in older adults all contribute to the underdiagnosis of asthma in the elderly (Figure [1](#F1){ref-type="fig"}) \[[@R19]-[@R21]\]. Furthermore, it is important to distinguish asthma from other airway diseases that share similar characteristics when making a diagnosis. For example, distinguishing COPD from asthma is even more difficult in older patients since both diseases are characterized by airway obstruction \[[@R2]\]. A large number of neutrophils are associated with both COPD and non-atopic asthma \[[@R14], [@R22], [@R23]\]. One study showed that among elderly asthmatic patients, 19.5% of cases received an improper diagnosis of COPD, while 27.3% of them received no diagnosis of asthma \[[@R19]\]. Moreover, it has been observed that asthmatic symptoms in the elderly have been falsely attributed to comorbid conditions such as congestive heart failure, COPD, or coronary artery disease (Figure [1](#F1){ref-type="fig"}) \[[@R6], [@R19]\]. While asthma and COPD are traditionally considered distinct diseases, clinicians are facing the challenge of treating patients that exhibit clinical features of both COPD and asthma. This is termed the asthma-COPD overlap syndrome (ACOS) \[[@R24]\]. ACOS is currently a much debated topic and little consensus has been established on a precise definition for ACOS. Thus, there are no established clinical guidelines to treat this patient population \[[@R25]\]. For instance, it is unknown if a treatment should be used that is outside of what is normally prescribed for COPD or asthma \[[@R26]\]. Experts disagree whether or not ACOS is the result of asthma and COPD existing simultaneously or if common pathogenic mechanisms are ultimately responsible \[[@R26]\]. The mixed phenotype of ACOS highlights an important area of research as a large percentage of adults with obstructive lung disease belong in this category \[[@R25]\]. In addition, the distinction between COPD and asthma in seniors is not easily recognized due to the common clinical presentations including airway inflammation or obstruction \[[@R13]\]. Thus, aging and its associated decline in respiratory function are being considered major factors in making it difficult to distinguish between asthma and COPD, thus contributing to this overlap syndrome \[[@R26]\]. To overcome these limitations, Gibson et al. proposed a multidimensional model focusing on four domain-assessments including self-management, risk factors, airways, and comorbidity \[[@R6]\]. Although this model has provided an effective approach, larger sample sizes are still needed in further studies \[[@R27]\].

![This schematic highlights the common factors that lead to underdiagnosis of asthma in the elderly population\
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Elderly asthmatics have more comorbid conditions and respiratory symptoms than young patients. These conditions include emphysema, heartburn, congestive heart failure, chronic bronchitis, sinusitis, and a history of smoking (Figure [1](#F1){ref-type="fig"}) \[[@R17]\]. In a study conducted by Piipari et al., they found that current smokers and ex-smokers had a significantly higher risk of developing asthma compared with those who have never smoked \[[@R28]\]. They concluded that smoking highly increases the risk of asthma in adulthood \[[@R28], [@R29]\]. Meanwhile, smoking can contribute to misdiagnosis and lead physicians to diagnose COPD rather than asthma, or to attribute symptoms to smoking rather than asthma \[[@R19]\]. Comorbidities, such as obesity and heart disease, can confound and complicate asthma and leave it underdiagnosed or hard to treat \[[@R6], [@R30]\]. Moreover, drugs targeting these comorbidities may interfere with asthma medications and exacerbate asthma in the elderly \[[@R30], [@R31]\].

REDOX MECHANISMS IN THE PATHOGENESIS OF ASTHMA {#s4}
==============================================

It is generally agreed that increased reactive oxygen species (ROS) levels strongly correlate with the severity of asthma in patients \[[@R32], [@R33]\]. These higher amounts of ROS are largely responsible for the airway inflammation observed in asthma \[[@R34]\]. Previous literature has demonstrated the significant role that ROS and reactive nitrogen species (RNS) play during airway inflammation \[[@R35]\]. ROS/RNS initiate the inflammatory response in the lungs by activating nuclear factor-kappa B (NF-κB), mitogen activated protein kinase (MAPK), activator protein-1 (AP-1), and other transcription factors \[[@R35]-[@R37]\]. These redox-sensitive transcription factors promote the expression of numerous pro-inflammatory cytokines such as tumor necrosis factor (TNF)-α, interleukin (IL)-1, IL-6, and IL-8 \[[@R38]\], which subsequently induce the activation of inflammatory cells in the respiratory tract \[[@R35]\]. Interestingly, these inflammatory cells including macrophages, eosinophils, neutrophils, and monocytes have been shown to generate ROS themselves in order to kill the invading bacteria \[[@R32]\]. Age-related increases in ROS have resulted in oxidative damage to intracellular components \[[@R39], [@R40]\]. There is evidence demonstrating a strong correlation between *in vivo* oxidative damage and biological aging \[[@R39]\]. For example, investigators have observed that aging is associated with elevated ROS levels and a corresponding increase in oxidative stress throughout the body \[[@R39]\]. Aged organisms show an increase in oxidative damage to proteins \[[@R41]\], DNA \[[@R42], [@R43]\], and lipids \[[@R44], [@R45]\]. In addition, Zhang et al. revealed that certain redox-sensitive transcription factors (e.g. AP-1 and NF-κB) may have altered DNA binding activities that are associated with aging \[[@R39], [@R46]\]. Thus, we speculate that asthmatic symptoms related to oxidative stress in seniors may be significantly affected by age-associated ROS.

Additionally, oxidative stress and the resulting cellular modifications are prevalent in asthmatic patients \[[@R32], [@R33]\]. For instance, a study by Cassino et al. suggested that distal airway and alveolar tissue inflammation, such as that caused by eosinophils and macrophages, contributes to the structural changes (e.g. loss of elastic recoil) in elderly asthmatic patients \[[@R47]\]. Elevated amounts of myeloperoxidase (MPO) and eosinophil peroxidase (EPO) correspond with the increased numbers of neutrophils and eosinophils, respectively \[[@R33]\]. These biomarkers can be found in higher than normal amounts in the blood, sputum, and bronchoalveolar lavage fluid of asthmatic patients \[[@R33]\]. Increased lipid peroxidation is another harmful effect of oxidative stress that manifests itself in the lungs of asthma patients \[[@R16], [@R48]\]. Lipid peroxidation can generate ethane as a byproduct of a ROS chain reaction during asthma \[[@R49]\]. A study by Paredi et al. measured the level of ethane in the exhaled air of asthma patients \[[@R48]\]. It was demonstrated that lipid peroxidation was greater in patients with more severe asthma. This was confirmed by a tendency of patients with lower FEV~1~ to have increased exhaled ethane \[[@R48]\]. Since elderly asthmatic patients typically have decreased FEV~1~ due to severe obstructions in the airways \[[@R2]\], it is necessary that future studies elucidate the linkage between the concentration of exhaled ethane and asthma progression \[[@R48]\]. Undoubtedly, the deleterious effects of oxidative stress play a significant role in all cases of asthma. However, as oxidative stress has been shown to have increasing effects with age \[[@R50]\], it is reasonable to speculate that elderly patients with long-standing asthma are subjected to an even higher degree of oxidative cellular damage. Therefore, further research is needed to elucidate redox mechanisms that pertain to the progression of asthma in the elderly.

In recent history, RNS have been increasingly implicated in the damage of the airways \[[@R1]\]. Nitric oxide (NO) is synthesized by a group of NO synthase isoforms including inducible (iNOS), endothelial (eNOS), and neuronal (nNOS) \[[@R51]\]. The nNOS and eNOS are constitutively expressed in inhibitory nonadrenergic noncholinergic (iNANC) neurons in the airways. The iNANC neural pathway is responsible for bronchodilation \[[@R51]\]. Maarsingh et al. demonstrated in guinea pigs that a reduction in NO derived from nNOS and eNOS resulted in decreased relaxation of smooth muscle in the airway \[[@R51]\]. NO derived from iNOS is generated in epithelial cells and macrophages via cytokine induction during airway inflammation \[[@R51]-[@R53]\]. Therefore, given that airway inflammation is commonly observed in asthmatics, it is not surprising that increased NO levels are typically associated with the pathogenesis of asthma \[[@R53], [@R54]\]. NO is rather nonreactive and even participates in immune regulation \[[@R55]\]. However, in the presence of superoxide (O~2~^•-^), NO is converted to the much more reactive peroxynitrite (ONOO^−^) \[[@R54], [@R56]\]. As a powerful oxidant, ONOO^−^ has been shown to play a significant role in airway inflammation, airway epithelial damage, and airway hyperresponsiveness in a guinea pig model \[[@R57]\]. The presence of ONOO^−^ in the airways during inflammatory diseases may lead to the damage and loss of cells in the respiratory epithelium \[[@R58]\]. Furthermore, ONOO^−^ can induce tyrosine nitration, resulting in the stable end product 3-nitrotyrosine \[[@R54], [@R59]\]. 3-nitrotyrosine, as well as NO, can be quantified \[[@R60]\] and is a reliable indicator of nitrosative stress \[[@R1], [@R61]\]. A study by Lee et al. successfully utilized 3-nitrotyrosine, along with other oxidative products, as biomarkers of oxidative and nitrosative stress in a group of retired elderly coal miners \[[@R62]\].

Elderly adults are more predisposed to a variety of infections and diseases due, at least in part, to immunosenescence. The reduced ability of neutrophils to kill invading organisms is partially attributed to a decline in their ROS production \[[@R63]\]. Immunosenescence includes age-related functional declines in the innate and adaptive immune systems and is highlighted in Figure [2](#F2){ref-type="fig"} \[[@R64]-[@R68]\]. However, the effects of immunosenescence on adaptive immunity are more well-known than in innate immunity \[[@R69]\]. Certain altered immune responses may facilitate the pathogenesis of asthma in the elderly \[[@R65]\]. Age-related altered functionality of immune response includes reduced levels and/or functionality of T cells, B cells, NK cells, NKT cells, eosinophils, and neutrophils (Figure [2](#F2){ref-type="fig"}) \[[@R66], [@R70], [@R71]\]. While naive T cells are typically seen to decrease with age, memory T cells are expected to increase presumably due to chronic viral stimulation from pathogens such as Epstein-Barr virus and cytomegalovirus (Figure [2](#F2){ref-type="fig"}) \[[@R65], [@R70]\]. Furthermore, the thymus, which is the main source of circulating T cells, decreases in size and activity with advanced age; accordingly, seniors are often less responsive to vaccinations or new infections compared to younger populations \[[@R72]\]. The predominant effect of aging on B cells is manifested in their poor ability to generate an antibody response \[[@R73]\]. The expression of toll-like receptors (TLRs) in monocytes and macrophages has been demonstrated to decrease with age (Figure [2](#F2){ref-type="fig"}) \[[@R65]\]. Consequently, downstream signaling that is mediated by TLRs is inhibited, and the risk of respiratory infection is increased \[[@R65]\]. An additional component of immunosenescence is increased systemic inflammation, sometimes referred to as "inflamm-aging." Increased TNF-α and serum IL-6 are concomitant with inflamm-aging and may certainly be involved in the etiology of asthma in the elderly \[[@R63]\]. Age-related increases in the expression of TLR5 may also contribute to inflamm-aging in older people \[[@R74], [@R75]\].

![This schematic demonstrates the effect of immunosenescence on parts of the innate and adaptive immune systems\
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As stated previously, endogenous ROS formation has clearly been demonstrated to increase during asthma. Thus, researchers have thoroughly investigated the link between oxidative stress and asthmatic symptoms, employing both human and animal studies \[[@R76]\]. For instance, a study conducted by Boldogh et al. revealed that inhibition of ROS produced by pollen NADPH oxidase prevented the immune inflammatory response in sensitized mice \[[@R77]\]. These results demonstrated that increased oxidative stress plays a pivotal role in the induction of the inflammatory immune response during asthma. Indeed, high levels of oxidative stress have been shown to result in an elevated amount of secreted signaling proteins such as pro-inflammatory cytokines \[[@R78]\]. Likewise, when the levels of oxidative stress are elevated to an extreme threshold, cell necrosis and apoptosis occur \[[@R78]\].

A logical question to ask is whether oxidative stress is a consequence of airway inflammation or is it an initiating factor in the development of the inflammation. The results of a study performed by Park et al. demonstrated that high amounts of oxidative stress occur before many of the common characteristics of allergic airway diseases including inflammation \[[@R79]\]. Epithelial shedding, smooth muscle contractions in the airway, and mucus hypersecretion all contribute to airway hyperresponsiveness induced by oxidative stress \[[@R80]\]. Accordingly, researchers have been able to mitigate the development of certain asthmatic symptoms via antioxidant treatments \[[@R79]\].

It has been speculated that certain individuals are genetically predisposed to severity of asthma due to the inability to resist oxidative stress \[[@R78], [@R81]\]. The reduced ability to scavenge ROS, due to a lowered antioxidant function, may facilitate airway inflammation and increase the risk of asthma \[[@R82], [@R83]\]. The glutathione S-transferase (GST) family of genes plays a pivotal role in the cellular protection against excessive ROS \[[@R82], [@R84]\]. Although Lee et al. determined that genotypic variants in the GST family increased the risk of asthma, they concluded that many gene-gene interactions were likely involved \[[@R82]\]. The need for further research on genetic determinants in the pathogenesis of asthma is crucial. However, many of the previous studies have focused on the development of asthma in children or younger adults \[[@R82], [@R85]-[@R87]\]. Thus, the need for similar genomic analysis on the elderly population is paramount.

Many of the physiological effects associated with oxidative stress that contribute to the pathogenesis of asthma are even more prominent in the elderly population. This is likely due in part to the progressive degenerative nature of this disease \[[@R88]\]. Chronic airway inflammation in elderly patients with long-standing asthma leads to a progressive loss of respiratory function \[[@R88]\]. Since ROS has previously been highlighted in this review as a major factor in airway inflammation, the implications of oxidative stress in elderly asthmatics are even more significant. Furthermore, we suggest that the impairment of FEV~1~ in the elderly with long-standing asthma could possibly be another indicator of the accumulation of oxidative damage (e.g. lipid peroxidation \[[@R48]\]) to the airways. It is well documented that there are certain structural and functional changes that occur in the respiratory system as age increases \[[@R89]\]. For instance, chest wall stiffness and reduced respiratory muscle strength in older people decrease the ability to exercise and increase the demand for oxygen at any level of exercise \[[@R89]\]. In addition, the number of alveoli is reduced with increasing age which has significant consequences on gas exchange. Therefore, it can be concluded that the natural aging process of the airways may exacerbate the deleterious effects experienced during asthma \[[@R89]\].

DIAGNOSTIC CRITERIA AND THERAPEUTIC INTERVENTIONS IN THE ELDERLY WITH ASTHMA {#s5}
============================================================================

Existing pharmacological therapies that are frequently utilized to treat and manage asthma include inhaled corticosteroids, β-agonists, and anti-IgE antibodies \[[@R2], [@R76]\]. Non-allergic asthma, which is more frequent in the elderly population, is less responsive to corticosteroids \[[@R14]\]. Total serum IgE measurement was initially thought to be a reliable indicator of asthma since many asthmatic patients are allergic and it might distinguish asthma from COPD during the diagnostic work-up \[[@R14]\]. However, it has been recognized that not all asthmatic patients are allergic. Furthermore, elderly patients tend to have lower IgE levels due to immunosenescence thus making the clinical diagnosis difficult using this method \[[@R14]\]. Much of the research that has investigated asthmatic biomarkers has excluded the elderly population. Thus, further studies are necessary in order to understand the effect of aging and immunosenescence on the expression of biomarkers that may be utilized in the clinical diagnosis of asthma \[[@R14]\].

Since the activity of oxidants in the airway during asthma play is prominent, non-invasive methods aimed at quantifying the stable end products of their reactive pathways have promising potential as indicators of airway oxidative stress \[[@R32], [@R33]\]. For instance, 3-nitrotyrosine and F~2~-isoprostanes have been detected in the exhaled air and urine, respectively, of asthma patients and are being evaluated for their efficacy in the diagnosis of asthma \[[@R90], [@R91]\]. Exhaled breath of asthmatic patients contains biomarkers, known as volatile organic compounds (VOCs), that can serve as indicators of asthma in children \[[@R92], [@R93]\]. Mass spectrometry and gas chromatography can individually detect these compounds in gas phase \[[@R94], [@R95]\]. Further research needs to be done to distinguish which biomarkers can be successfully utilized in asthma diagnosis in the elderly and how the VOC profile of elderly patients might be changed due to the aging process. Other methods for treating asthma, such as continuous positive airway pressure (CPAP) and bi-level positive airway pressure (BiPAP), have been proposed \[[@R96]\]. A study performed by Lafond et al. evaluated the efficacy of CPAP on patients (aged ≥ 18 yrs) with stable asthma and a diagnosis of obstructive sleep apnea (OSA). These two diseases may coexist, and certain problems reported in OSA (e.g. gastroesophageal reflux and nasal symptoms) may exacerbate asthma. The study determined that nocturnal CPAP did not improve certain parameters such as FEV~1~ or airway responsiveness; however, participants reported via questionnaires that their quality of life was measurably improved by CPAP at night \[[@R97]\]. Another study sought to determine if CPAP therapy could improve nocturnal asthmatic exacerbations in patients who had concomitant OSA. It was found that nocturnal symptoms improved in these patients without causing abnormalities in pulmonary function tests \[[@R98]\]. This suggests that OSA may contribute to nocturnal asthmatic exacerbations. Interestingly, there is evidence that CPAP may not have the same beneficial effect when administered to patients who do not concomitantly have OSA \[[@R96], [@R99]\]. Therefore, further large-scale clinical trials should be implemented to fully assess the value of CPAP/BiPAP as therapies for asthmatic patients with or without concomitant OSA. The implications of such studies may hold even greater significance for elderly asthmatic patients since CPAP/BiPAP are non-invasive treatments.

It has been demonstrated that current asthma treatments may be less effective in the elderly \[[@R34]\]. Older patients are less responsive to emergency bronchodilator therapy. Airway remodeling, concurrent medication, and comorbid conditions may all contribute to this effect \[[@R100]\]. Age-related increases in chest wall stiffness and residual volume due to decreased elastic recoil also play a role \[[@R101]\]. Another consideration is the change in pharmacokinetics as people get older. The timeline of drug absorption and metabolism is affected in the elderly \[[@R100]\]. Currently, inhaled corticosteroids continue to be one of the most commonly used treatments for the control of persistent asthmatic symptoms, even in the elderly \[[@R102], [@R103]\]. While the inhalation route offers a safe and effective treatment option for many asthma patients, ineffective inhalation technique is shown to increase with age. The frequency at which elders, at least 60 or 80 years of age, use inappropriate inhalation technique is as high as 40% and 60%, respectively \[[@R6]\]. Some of the identified factors leading to impaired inhalation in the elderly are impaired cognitive abilities and reduced inspiratory flow \[[@R6]\]. Currently, there is little information that sheds light on how reduced respiratory muscle strength in the elderly might affect aerosol distribution and particle deposition in the lung \[[@R89]\]. The long-term use of inhaled corticosteroids brings the risk of adverse effects such as skin thinning, bone loss, suppressed adrenal function, diabetes mellitus, pneumonia, and cataract formation \[[@R104], [@R105]\]. Many of these side effects are of particular importance to the elderly due to comorbidities and other age-related pathologies including increased cardiovascular risk and infections \[[@R106]\].

Inhaled β~2~-agonists and anticholinergics are also accepted treatments for the management of asthma \[[@R107], [@R108]\]. Long-acting β~2~-agonists (LABA) are used for moderate/severe asthma \[[@R109]\]. However, many clinical trials of LABAs have excluded subjects greater than 65 years old. Overall, very few clinical trials of asthma have focused on the elderly \[[@R109]\]. It has been shown that older people with cardiovascular comorbidities are at a greater risk for the negative cardiovascular effects of β~2~-adrenoceptor agonists \[[@R105], [@R109]\]. Therefore, it is urgent that trials continue to evaluate the safety and efficacy of accepted asthma treatments with specific focus on the elderly population.

Special care must be taken when prescribing asthma medications to the elderly. Adverse drug reactions are more common in the elderly population. This is due, in part, to factors such as co-administered drugs as well as altered pharmacodynamics and pharmacokinetics in the elderly \[[@R110]\]. Agents such as acetylsalicylic acid (ASA; aspirin) and nonsteroidal anti-inflammatory drugs (NSAIDs) are among the most frequently prescribed drugs in the elderly. It has been reported that patients simultaneously receiving NSAIDSs and corticosteroids might be at 15 times greater risk for peptic ulcer disease than those not receiving either drug \[[@R20]\]. Moreover, the use of self-prescribed ASA has risen and may go unrecognized. Therefore, it is important to closely examine medication history when treating elderly asthmatic patients \[[@R3]\]. Specific conditions often seen in the elderly, such as cataracts and osteoporosis (Figure [1](#F1){ref-type="fig"}), have also been linked to high doses of corticosteroids \[[@R20], [@R111], [@R112]\]. Estrogen replacement therapy has been used to help prevent osteoporosis in postmenopausal women \[[@R3]\]. However, estrogen use in postmenopausal women has been linked to an increased risk of developing asthma \[[@R113]\]. Vitamin D and calcium supplementation has been successfully utilized to help improve bone density in older patients that undergo long-term oral corticosteroid therapy \[[@R3], [@R114]\]. In addition, due to the role of oxidative stress in the pathogenesis of asthma, many studies have investigated the clinical benefits of antioxidant therapy. In general, the conclusions of these studies have been varied \[[@R115]\]. While low selenium levels have been associated with asthma, selenium supplementation has not been determined to be effective in treating asthma \[[@R116]\]. Randomized control trials investigated the supplementation of selenium \[[@R117]\] and vitamin E \[[@R118]\] in adults and found no clinical benefit for asthma. Alternatively, nuclear factor erythroid 2-related factor 2 (Nrf2) is a transcription factor involved in regulating important endogenous antioxidants and might be defective in severe asthmatics \[[@R119]\]. Certain Nrf2 activators, such as 1-(2-cyano-3-,12-dioxooleana-1,9-dien-28-oyl)imidazole-methyl ester, have been discovered and are being tested in clinical trials \[[@R119]\]. A study performed by Sussan et al. revealed that Nrf2 activation mitigates oxidative stress, alveolar destruction, and lung apoptosis induced by cigarette smoke exposure \[[@R120]\]. It is imperative that further research is performed to establish accepted guidelines for treatment of asthma in the elderly.

CONCLUSION {#s6}
==========

The focus of this review is the potential influence of asthma in the elderly. Aging-induced inflammations could result in adaptive reduction of immune response known as immunosenescence \[[@R75]\]. The role of oxidative stress has previously been established in the pathogenesis of asthma. However, studies that investigate redox mechanisms in the asthmatic elderly are sparse. Historically, asthma in the elderly has been underdiagnosed due to many factors such as age-related declines in respiratory function as well as comorbid conditions. It is imperative that researchers and clinicians work together to establish guidelines for the diagnosis and treatment of asthma that address the specific needs of the elderly.
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